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0 (! < 0)
1 (! = 0)
2 (! > 0)
(2.1)
???? s(t)?????????????? S(!)?????????U(!)????????
?????? (2.2)?????S(!)??????????? 2???????????? 0??
?????? ~S(!)????
~S(!) = U(!)  S(!) =
8><>:
0 (! < 0)
S(!) (! = 0)
2S(!) (! > 0)
(2.2)
??????????????????????????????~s(t)????
























































































? 2.2: ???????? s(t)(a)????????? ~s(t)(b)????????? s(t)(c)????






















i (! < 0)
0 (! = 0)
 i (! > 0)
(2.3)
?????
H(!) = F (!)  S(!) (2.4)
?????H(!)???????? h(t)? s(t)???????????????~s(t)???<[~s(t)]
? s(t)???????????????h(t)????? ~s(t)??? =[~s(t)]???????
<[~s(t)] = s(t) (2.5)
=[~s(t)] = h(t) (2.6)







? sy(t)????????????????F (!)?????  F (!)?????? sx(t)? sy(t)
????????
2.4 ???????????????????






























eifsx(t) + isy(t)g+ e ifsx(t)  isy(t)g
2
=
(ei + e i)sx(t) + i(ei   e i)sy(t)
2
= cos   sx(t)  sin   sy(t) (2.10)
?????????????????? 2??????????????????
jcos   Sx(!)  sin   Sy(!)j2
= fcos   Sx(!)  sin   Sy(!)g
n
cos   Sx(!)  sin   Sy(!)
o




= cos2  jSx(!)j2 + sin2  jF (!)Sx(!)j2   cos  sin 
n




cos2  + sin2  jF (!)j+ cos  sin  f<[F (!)]g	
??????????? jSx(!)j2?????????????????????????????(
jF (!)j = 1
<[F (!)] = 0 (2.11)
?????????? 1???????fi; ig???????????????????sx(t)
? sy(t)?????????????F (!)?????????????















Sy(!) = F (!)  S(!) (3.1)
??? Sy(!)??????????????? sy(t)???? sx(t)????
~s(t) = sx(t) + isy(t) (3.2)
????????????i???????F (!)?????????????~s(t)????? sx+isy
?????????? sx(t)??????? sx(t)??? sy(t)????????????????
?????????
















An = [1; 1; 1; 1; 1; 0; 0; 0; 0; 0]; Bn = [0; 0; 0; 0; 0; 1; 1; 1; 1; 1]???pn; qn? 0?? 2?????
????
~s1(t); ~s2(t)?????pn; qn ????????????????????????? 100??
???
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?????????????????m+1?????????? ~s0(t) = (~s0(0); ~s0(1); : : : ; ~s0(m))
?????????~s0(m) = ~s0(0)????????????????????????????
FFT????
??????? 4.1????? 1??? 2???????????????? (c)(d)????
???
4.1.1 ??A: ?????????????
???? ~s(t)????????? (t) = sx(t) + iH[sx(t)]??????? (t) = H 1[sy(t)] +
isy(t)????????????H?H 1 ?????????????????????????
?????? tmp(t)   tmp(t)????????????????????????????
???
1. n = 0???
2. ~sn(k)? ~sn(k + 1)?????? ~sn(k)+~sn(k+1)2 ?????~stmp(t)???
3. ~stmp(t)?????tmp(t)  tmp(t)? 2???????? k????????? ~stmp(t)?
~sn+1(t)???
4. n? n+ 1??????2.???????
?????? n = 100???????????????? 4.2, 4.3????
4.1.2 ??B: ?????????????
???????????????????????????????? 0??????????
???????????????????????? 3.???????? ~stmp(t)? 0?????
???? 2?????????









































































































































































































































































































































































































































































?????? s??s0?? sn 1??? n?????????????????s???? n?




????? 1????? ~sk ???????????????????????~s?? ~sk ???
??????? ~p???????????? ~p? ~s???? n???????????????
?????????????????? ~sq ???????????? ~s0 ???????????











n = 64; d = 10????????? 5.1??????????? 0?????????????
?????????????????????????
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Frequency
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(a2) (b2) (c2) (d2)
0 5ω 10ω 15ω
Frequency
0 5ω 10ω 15ω
Frequency
0 5ω 10ω 15ω
Frequency
0 5ω 10ω 15ω
Frequency
(a3) (b3) (c3) (d3)
? 5.2: ???????? (a1)?????????????????? (a2)???????? (a3)?








[21]?? 5.3????????? Flash CS4?????? ActionScript 3.0????? 5.3???
???????????????? 64???????????????????????????



























??DVGA?640? 960????????????????? PC?? CloSynth???????
1http://market.android.com/search?q=pname:air.jp.butchi.closynth
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? 5.6: Scanned Synthesis [6]
5.4.1 ??
x? y?????? z??? 2?????????? x??????????y???????
???????
x = <[~s(t)] = s(t) (5.3)
y = =[~s(t)] = h(t) (5.4)
???? z = x2   y2?s(t) = cos(2i  440t)?????h(t) = sin(2  440t)?~s(t) = e2i440t
????z?? (5.7)???????
z = s2(t)  h2(t) (5.5)
= cos2(2  440t)  sin2(2  440t) (5.6)
= cos(2  880t) (5.7)
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???z? x????? (5.9)??????? s(t)?????z? y????? (5.11)????
??? s(t)???????????? h(t)??????
z = x (5.8)
= s(t) (5.9)
z = y (5.10)
= h(t) (5.11)







??? z??? z = y?x2  y2?sin(x) sin(y)?????????????? 5.1???????
????????????????????????????z???????????????
???????????????????


















??? s(t) ~s(t) ??? z
y x2   y2 sin(x) sin(y)
???
cos(2  440t) e2i440t sin(2  440t) cos(2  880t)
sin( cos(2  440t))
+ sin( sin(2  440t))
???
???????





























































































MIDI??Microsoft GS Wavetable SW Synth?????????
005 El. Piano 023 Harmonica 025 Nylon Guitar 027 Jazz Guitar
041 Violin 047 OrchestraHarp 049 Strings 1 053 Choir Aahs




????? ??? ?????? ?????
???????? ??? ?????? ?????




? ? ? ?













wind[li List]:=InverseFourier[Fourier[li]  step[Length[li]]]
wavname = \guitar";















mainrange = f20000; 21000g
ListLinePlot[Abs[compli];PlotRange! fmainrange;Allg]
f20000; 21000g










AspectRatio! Automatic;Axes! False;PlotStyle! Black]
37
ListLinePlot[Take[fRe[compli]; Im[compli]gT;mainrange];



































step[n Integer?Positive]:=1 + Sign[Sin[Range[1; 1; 2=n]//Most]]
(*???????*)
wind[li List]:=
InverseFourier[Fourier[li;FourierParameters! f1; 1g]  step[Length[li]];
FourierParameters! f1; 1g]
repeat[li ; len ]:=PadRight[fg; len; li]
(*li???????? len???*)










swap[li List; x $ y ]:=ReplacePart[li; fx! li[[y]]; y ! li[[x]]g]
swap[li List; pairs : f( $ )...g]:=Fold[swap; li;pairs]
extendedStep[n ; fx ; 0; y g]:=extendedStep[n; fx; yg]
extendedStep[n ; swapList List]:=swap[step[n];#+ 1$ n #+ 1&/@swapList]
extendedWind[li List]:=wind[li]




wavle = Import[wavname <> \.wav"];
li = wavle//First//First//First;
rate = SampleRate! (wavle//First//Last)
len = li//Length
compli = wind[li];
swapList = Range[5000; 10000];



















































































































Length[Select[Dierences[li]  RotateRight[Dierences[li]];#  0&]]
(*??????????????*)
normalize[p ; a ;b ]:=If
h




cross0Q::usage = \???? [x,y]??????????? x==y???? False";
cross0Q[x ; y ]:=If[x 6= y; IntervalMemberQ[Interval[fx; yg]; 0];False]6 6
(*(x  0&&y  0)k(x  0&&y  0)*)
intervalIntersectionQ[a ;b ]:=!((a < 0&&b < 0)k(a > 1&&b > 1))
complexToVector[x ]:=fRe[x]; Im[x]g
cross01Q::usage = \????? 2????????????? (0+0i,1+0i)?????";
cross01Q[p2 ; q2 ]:=If
h






True; If[Im[p2] == 0&&Im[q2] == 0; intervalIntersectionQ[Im[p2]; Im[q2]];False]]
crossQ::usage = \?? (p,q)??? (a,b)?????";
crossQ[ffp ; q g; fa ;b gg]:=
47
If[a == b; If[p == q; a == p; cross01Q[normalize[a; p; q];normalize[b; p; q]]];
cross01Q[normalize[p; a; b]; normalize[q; a; b]]]













; fk; 1; ng
i
; *)
amp = f1; 1; 1; 1; 1; 0; 0; 0; 0; 0g;
rot = Table[2Random[]; fng];








argList = Table[Arg[c[t+ dt]  c[t]]; ft; 0; 2; dtg];
nor = Length[Select[Dierences[argList];#   &]] 






argList = Table[Arg[c[t]]; ft; 0; 2; dtg];
correctionArgList =
Rest[argList]+








absList = Table[Abs[c[t]]; ft; 0; 2; dtg];
correctionAbsList =
Rest[absList]+







reList = Table[Re[c[t]]; ft; 0; 2; dtg];
correctionReList =
Rest[reList]+













li = Most[Table[c[t]; ft; 0; 2; dtg]];
lines = fli;RotateLeft[li]gT;
















; fk; 1; ng
i
; *)
amp = f0; 0; 0; 0; 0; 1; 1; 1; 1; 1g;
rot = Table[2Random[]; fng];








argList = Table[Arg[c[t+ dt]  c[t]]; ft; 0; 2; dtg];
nor = Length[Select[Dierences[argList];#   &]] 






argList = Table[Arg[c[t]]; ft; 0; 2; dtg];
correctionArgList =
Rest[argList]+







absList = Table[Abs[c[t]]; ft; 0; 2; dtg];
correctionAbsList =
Rest[absList]+
























li = Most[Table[c[t]; ft; 0; 2; dtg]];
lines = fli;RotateLeft[li]gT;








PlotRange! ff0:5; 2:5g; f0;Allgg;AspectRatio! 2;



















































































step[n Integer?Positive]:=1 + Sign[Sin[Range[1; 1; 2=n]//Most]]
(*???????*)
wind[li List]:=InverseFourier[Fourier[li]  step[Length[li]]]
Manipulate[DynamicModule[fs = fRe[#]; Im[#]g&/@N [Exp[ 2iMost[Range[0; 1; 1=64]]]]g;
Grid[
ffGraphics[ffEdgeForm[fBlackg];FaceForm[];Polygon[Dynamic[s]]g;












; fk; 1; 64g
io
;
PlotRange! 1:5; ImageSize! 500]; SpanFromLeftg;
fDynamic[ListLinePlot[Reverse/@s;AspectRatio! Automatic;PlotRange! All;Mesh! All]];
57
Dynamic[ListPlot[fRange[0; 63];Abs[Fourier[Complex@@@s]]gT;
PlotRange! ff 1; 15g; f0;Allgg;Filling! Axis]];Dynamic[ListLinePlot[sT//First;Mesh! All]]gg]];





return [a[0]*b[0]-a[1]*b[1] , a[0]*b[1]+a[1]*b[0]];
}
//??????
var pulsereal0_array:Array = new Array(n);
var pulseimag0_array:Array = new Array(n);
for(var i=0; i<n; i++){pulsereal0_array[i]=1}
for(i=0; i<n; i++){pulseimag0_array[i]=0}
var pulsereal10_array:Array = new Array(n);




var pulsereal20_array:Array = new Array(n);
var pulseimag20_array:Array = new Array(n);
pulsereal20_array = [1,0.9529,0.8244,0.6471,0.4602,0.2961,0.1719,0.0899,0.0421,0.0176,0.0066,0.0022,0.0006,0.0002,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0002,0.0006,0.0022,0.0066,0.0176,0.0421,0.0899,0.1719,0.2961,0.4602,0.6471,0.8244,0.9529];
pulseimag20_array = [0,-0.2384,-0.4336,-0.5572,-0.6032,-0.5854,-0.5283,-0.4556,-0.3846,-0.3239,-0.2753,-0.2375,-0.2078,-0.1839,-0.1641,-0.1472,-0.1324,-0.1193,-0.1076,-0.0969,-0.087,-0.0778,-0.0693,-0.0612,-0.0535,-0.0462,-0.0391,-0.0323,-0.0256,-0.0191,-0.0127,-0.0063,0,0.0063,0.0127,0.0191,0.0256,0.0323,0.0391,0.0462,0.0535,0.0612,0.0693,0.0778,0.087,0.0969,0.1076,0.1193,0.1324,0.1472,0.1641,0.1839,0.2078,0.2375,0.2753,0.3239,0.3846,0.4556,0.5283,0.5854,0.6032,0.5572,0.4336,0.2384];
var pulsereal50_array:Array = new Array(n);
var pulseimag50_array:Array = new Array(n);
pulsereal50_array = [1,0.8865,0.6171,0.3368,0.1437,0.0477,0.0123,0.0024,0.0004,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0004,0.0024,0.0123,0.0477,0.1437,0.3368,0.6171,0.8865];
pulseimag50_array = [0,-0.3608,-0.5724,-0.5996,-0.5134,-0.4023,-0.3126,-0.251,-0.2092,-0.1794,-0.1566,-0.1384,-0.1233,-0.1106,-0.0995,-0.0899,-0.0812,-0.0735,-0.0664,-0.06,-0.054,-0.0484,-0.0431,-0.0381,-0.0334,-0.0288,-0.0244,-0.0202,-0.016,-0.0119,-0.0079,-0.0039,0,0.0039,0.0079,0.0119,0.016,0.0202,0.0244,0.0288,0.0334,0.0381,0.0431,0.0484,0.054,0.06,0.0664,0.0735,0.0812,0.0899,0.0995,0.1106,0.1233,0.1384,0.1566,0.1794,0.2092,0.251,0.3126,0.4023,0.5134,0.5996,0.5724,0.3608];
var pulsereal100_array:Array = new Array(n);
var pulseimag100_array:Array = new Array(n);
pulsereal100_array = [1,0.7858,0.3808,0.1134,0.0206,0.0023,0.0002,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.0002,0.0023,0.0206,0.1134,0.3808,0.7858];
pulseimag100_array = [0,-0.4723,-0.6071,-0.4891,-0.3443,-0.2527,-0.1996,-0.1655,-0.1412,-0.1227,-0.1079,-0.0959,-0.0858,-0.0771,-0.0695,-0.0629,-0.0569,-0.0515,-0.0466,-0.0421,-0.0379,-0.034,-0.0303,-0.0268,-0.0235,-0.0203,-0.0172,-0.0142,-0.0113,-0.0084,-0.0056,-0.0028,0,0.0028,0.0056,0.0084,0.0113,0.0142,0.0172,0.0203,0.0235,0.0268,0.0303,0.034,0.0379,0.0421,0.0466,0.0515,0.0569,0.0629,0.0695,0.0771,0.0858,0.0959,0.1079,0.1227,0.1412,0.1655,0.1996,0.2527,0.3443,0.4891,0.6071,0.4723];
var pulserealinf_array:Array = new Array(n);
















var soundChannelObject:SoundChannel = new SoundChannel();
function ASSoundPlay() {












for(var i:int = t; (t<i+8192); ++t) {
xval = yval = 0;
















































xval += velocity[pitch_list[pitch_list_num]] / 100
* envelope_level[pitch_list[pitch_list_num]] * ptar[int(freq*t*n/44100)%n].x/50;
yval += velocity[pitch_list[pitch_list_num]] / 100








var socket :XMLSocket = new XMLSocket();
socket.connect( "127.0.0.1", 31337 );
socket.addEventListener( Event.CONNECT, connectHandler );
socket.addEventListener( DataEvent.DATA, dataHandler );




function dataHandler ( evt :DataEvent ) :void // ???????
{
var pitchAndVelocity = new Array(2);
var pitch;
pitchAndVelocity = evt.data.split(";"); //???????????????? split
pitchAndVelocity = pitchAndVelocity[0].split(" "); //????????????? split
pitch = pitchAndVelocity[0];
if(pitchAndVelocity[1] == 0) {
envelope_mode[pitch] = "release";
envelope_time[pitch] = 0;






if(pitch >= key_min && pitch <= key_max) note[pitch].nextFrame();
}
}
var pitch_min = 36, pitch_max = 84;
var key_min=48, key_max=83;
var pitch_list = new Array();
var velocity = new Array();
var envelope_time = new Array();
var envelope_level = new Array();
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var envelope_tmp = new Array();
var envelope_mode = new Array();
var key_flag = new Array();






key_flag[i] = false; //?????????????
}
var mouse_flag:Boolean = false;














































































for(var key_num=key_min; key_num<key_max; key_num++) {
if(event.keyCode == 188) key_str = ",";
else if(event.keyCode == 190) key_str = ".";
else if(event.keyCode == 187) key_str = ";";
else if(event.keyCode == 191) key_str = "/";
else if(event.keyCode == 226) key_str = "\\";
else key_str = String.fromCharCode(event.keyCode);
if(key_str.toLowerCase() == key[key_num]) {















for(var key_num=key_min; key_num<key_max; key_num++) {
















for(var key_num=key_min; key_num<key_max; key_num++) {














for(var key_num=key_min; key_num<key_max; key_num++) {
if(event.keyCode == 188) key_str = ",";
else if(event.keyCode == 190) key_str = ".";
else if(event.keyCode == 187) key_str = ";";
else if(event.keyCode == 191) key_str = "/";
else if(event.keyCode == 226) key_str = "\\";
else key_str = String.fromCharCode(event.keyCode);













for(var key_num=key_min; key_num<key_max; key_num++) {















for(var key_num=key_min; key_num<key_max; key_num++) {







































































































for(var i=pos; i<64+pos; i++){
var dy = locator.mouseY-oldptar[pos].y;
var dx = locator.mouseX-oldptar[pos].x;
var z = mult([dy,dx],[pulsereal_array[(-i+n+pos)%n],pulseimag_array[(-i+n+pos)%n]])
ptar[i%n].y = oldptar[i%n].y + z[0];










var zero = new Array([],[]);








































































pulse_ComboBox.addItem({label:"10 (Low freq.)", data:[pulsereal10_array,pulseimag10_array]});
pulse_ComboBox.addItem({label:"20 (Low-middle freq.)", data:[pulsereal20_array,pulseimag20_array]});
pulse_ComboBox.addItem({label:"50 (High-middle freq.)", data:[pulsereal50_array,pulseimag50_array]});
pulse_ComboBox.addItem({label:"100 (High freq.)", data:[pulsereal100_array,pulseimag100_array]});
pulse_ComboBox.addItem({label:"inf. (click pulse)", data:[pulserealinf_array,pulseimaginf_array]});



























































function except(li:Array, val:Number) {
var li2 = new Array();
for(var i in li) {
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